In an exploratory-confirmatory paradigm, an equation combining beta and theta EEG power tracked the effect of an exemplar psychoactive substance (alcohol) for 4 h.
h i g h l i g h t s
In an exploratory-confirmatory paradigm, an equation combining beta and theta EEG power tracked the effect of an exemplar psychoactive substance (alcohol) for 4 h.
The equation, derived on repetitive cognitive task EEG data in the Exploratory Study, worked well when applied in the Confirmatory Study to track alcohol's EEG effects on a working memory task and on a simulated automobile driving task.
This suggests that EEG biomarkers may prove useful for assessing, both in groups and individuals, neurophysiological effects of psychoactive substances on both basic cognitive processes and integrated brain functioning in relation to other biomarkers and behavior. a b s t r a c t Objective: Extend a method to track neurophysiological pharmacodynamics during repetitive cognitive testing to a more complex ''lifelike'' task. Methods: Alcohol was used as an exemplar psychoactive substance. An equation, derived in an exploratory analysis to detect alcohol's EEGs effects during repetitive cognitive testing, was validated in a Confirmatory Study on a new group whose EEGs after alcohol and placebo were recorded during working memory testing and while operating an automobile driving simulator. Results: The equation recognized alcohol by combining five times beta plus theta power. It worked well (p < .0001) when applied to both tasks in the confirmatory group. The maximum EEG effect occurred 2-2.5 h after drinking (>1 h after peak BAC) and remained at 90% at 3.5-4 h (BAC < 50% of peak). Individuals varied in the magnitude and timing of the EEG effect. Conclusion: The equation tracked the EEG response to alcohol in the Confirmatory Study during both repetitive cognitive testing and a more complex ''lifelike'' task. The EEG metric was more sensitive to alcohol than several autonomic physiological measures, task performance measures or self-reports. Significance: Using EEG as a biomarker to track neurophysiological pharmacodynamics during complex ''lifelike'' activities may prove useful for assessing how drugs affect integrated brain functioning. Ó 2012 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
The aim of the current study was to track EEG changes for several hours following ingestion of a psychoactive substance during an exemplar ''lifelike'' activity by extending findings made with well-controlled repetitive cognitive tasks as a reference. An Exploratory Study was first performed in which an EEG metric of the effect of a psychoactive substance was derived on a group of individuals while they performed simple repetitive cognitive tasks in the context of a placebo-controlled, cross-over design experiment. The validity of the metric was then assessed in a placebocontrolled cross-over Confirmatory Study by applying it to a new group of participants performing a repetitive working memory test and also while operating an automobile driving simulator over a 4 hour period. Alcohol was used as a model psychoactive substance because of its well established EEG effects (Begleiter and Platz, 1972; Cohen et al., 1993; Davis et al., 1941; Ehlers et al., 1989; Gevins and Smith, 1999; Ilan and Gevins, 2001; Lukas et al., 1986; Porjesz et al., 2005; Stenberg et al., 1994) .
